Assessment of stiffness of the hypertrophied left ventricle of bicyclists using left ventricular inflow doppler velocimetry  by Fagard, Robert et al.
1250
Assessment of Stiffness of the Hypertrophied Left Ventricle of
Bicyclists Using Left Ventricular Inflow Doppler Velocimetry
ROBERT FAGARD, MD, PHD, CARINE VAN DEN BROEKE, LIC, EDITH BIELEN, LIC,
LUC VANHEES, PHD, ANTOON AMERY, MD, PHD
Leuven, Belgium
JACC Vol. 9, No.6
June 1987:1250-4
Sixteen male bicyclists and 16 control subjects were stud-
ied to assess whether the left ventricular hypertrophy of
athletes is associated with changes in diastolic left ven-
tricular function. The cyclists had a larger left ventric-
ular internal diameter on echocardiography (55.2 versus
47.9 mm; p < 0.001) and a disproportionate increase in
wall thickness relative to the internal diameter (0.48
versus 0.41; p < 0.01), indicating a mixed eccentric-
concentric type of hypertrophy. Left ventricular inflow
Doppler velocimetry showed similar results in athletes
and control subjects for peak flow velocities in the atrial
Bicyclists have a larger heart than do nonathletes (1-5). It
cannot be excluded that genetic factors playa role-that is,
that athletes are born with a larger heart-but seasonal vari-
ations in the myocardial mass of athletes indicate that train-
ing itself is at least partly responsible (5-8). The left ven-
tricular hypertrophy of athletes is usually considered
physiologic. A study of the diastolic function of the left
ventricle could help assess the validity of this assertion. An
increased stiffness of the myocardial wall would not be
desirable because it could indicate an altered composition,
possibly involving irreversible fibrosis. The study of blood
flow at the mitral orifice by the Doppler technique allows
one to noninvasivelyassess left ventricular stiffness. An
increase in the ratio of peak flow velocity in the atrial con-
traction phase to peak velocity during early diastolic rapid
filling is taken to indicate an impaired left ventricular dis-
tensibility (9).
We studied the left ventricular inflow pattern by the Dop-
pler technique in competitive cyclists. The heart of these
athletes shows a larger left ventricular internal diameter than
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contraction phase (30 versus 32 coos; p = NS) and in
the early diastolic rapid filling phase (71 versus 67 cm/s;
p = NS). The similar ratio of both velocities, that is,
0.43 in the cyclists and 0.49 in the control subjects,
suggests that left ventricular distensibility is unaltered
in cyclists.
It is concluded that the left ventricular hypertrophy
observed in cyclists is not associated with changes in
ventricular stiffness, as estimated from left ventricular
inflow Doppler velocimetry.
(J Am Coil Cardiol1987;9:1250-4)
that in nonathletes and, in addition, a disproportionate in-
crease of wall thickness in relation to internal diameter. This
suggests both a volume and pressure load during the activ-
ities of cyclists due to high dynamic and static demands
(7,10).
Methods
Study subjects. Sixteen male competitive bicyclists, aged
17 to 37 years, whose rest blood pressure was < 160/90 mm
Hg, were studied. They had been involved in competitive
cycling for 7.3 years (range I to 19) and covered 534 kmlweek
(range 175 to 900) at the time of the study. Sixteen male
nonathletes of similar age, height and weight, not involved
in competitive sports, were also studied. Ten of them were
not engaged in any sports, and 6 performed recreational
sports activities I to 2 hours a week.
Echocardiography. Echocardiography was performed,
always by the same investigator, using a 3.5 MHz transducer
and an Ultra-Imager (Honeywell) with photographic paper.
Measurements were obtained at end-expiration, with the
subject rotated slightly on his left side. M-mode echocar-
diograms were recorded under control of the two-dimen-
sional image, and the transducer was angulated to ensure
simultaneous visualization of the left ventricular posterior
wall and interventricular septum just below the mitral valve
apparatus-that is, at the level of the posterior chordae
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tendineae. After completion of the study and randomization
of the tracings, the analysis of the echocardiograms was
performed on each of three successive heartbeats and the
values were then averaged. The recommendations of the
American Society of Echocardiography (ASE) were ob-
served (II). Wall and cavity measurements were made using
the leading edge method (from the most anterior edge of
endocardial and epicardial lines).
The following echocardiographic measurements were
obtained: I) left ventricular end-diastolic total and internal
diameter (LVTDd, LVIDd), measured at the onset of the
QRS complex of the simultaneously recorded electrocar-
diogram (ECG), and end-systolic internal diameter at the
nadir of septal motion (LVIDs); and 2) end-diastolic and
end-systolic posterior wall and interventricular septal thick-
nesses (PWTd, IVSTd, PWTs, IVSTs). Several indexes
were derived from these measurements: I) mean end-dia-
stolic and end-systolic wall thickness (MWTd, MWTs) as
the average of posterior wall and septal thicknesses; 2) left
ventricular mass (LVM) as 832 X 10- 6 X (LVTDd' -
LVIDd3) + 0.6 g (12); 3) the ratio of wall thickness to the
internal radius (h/R) as MWTd/(LVIDd/2); 4) the fractional
shortening of the left ventricular internal diameter (FS, %)
as 100 X (LVIDd - LVIDs)/LVIDd and 5) end-systolic
left ventricular meridional wall stress (as) as 0.334 X P
X LVIDs/MWTs + (I + MWTs/LVIDs) where P is sys-
tolic blood pressure.
Doppler measurements. With the subject rotated on the
left side, the 3.5 MHz transducer was placed at the apex
and the apical four chamber image was visualized. The
Doppler sample volume (pulsed Doppler) was positioned in
the orifice of the mitral valve and the ultrasound beam was
placed parallel to the presumed flow of blood. The trans-
ducer was angulated to obtain the best Doppler signal, as
judged by the sharpness of the outline of the complexes on
the visual display and the pitch of the audio sound of the
Doppler shift frequencies. Recordings were made at end-
expiration. The peak velocities of the rapid filling curve
Table 1. General Characteristics of the Subjects
(pVRF; cm/s) and of the atrial contraction curve (pVAC; cm/s)
were measured on three consecutive heartbeats, using the
middle of the darkest portion of the tracing. The ratio
pVAc/pVRF was calculated.
Exercise testing. Each subject underwent a graded, un-
interrupted exercise test on a bicycle ergometer (Siemens
380B) until exhaustion. The initial external work load was
20 Wand was increased by 20 W every minute. Using an
open circuit method, pulmonary ventilation eVE) was con-
tinuously measured by a pneumotachograph [body temper-
ature, pressure, saturation (BTPS)]. Oxygen uptake (V02)
and carbon dioxide output (VC02) were determined from
the measurement of oxygen and carbon dioxide concentra-
tions in the expired air and reduced to standard temperature
and pressure, dry. The gas exchange ratio (R) was calculated
as carbon dioxide output divided by oxygen uptake.
Statistical analysis. Results were analyzed using un-
paired Student's t tests and regression analysis. The dis-
persion of the data is given by the standard deviation.
Results
General characteristics of the subjects (Table 1). The
bicyclists did not differ from the control subjects in age,
height and weight. Rest heart rate was significantly lower
in the athletes (p < 0.05); blood pressure was similar in
both groups. Peak oxygen uptake and exercise duration were
considerably higher in the athletes (p < 0.001), whereas
the peak gas exchange ratio was similar.
Echocardiography (Table 2A). Left ventricular total
and internal diameter at end-diastole and septal and posterior
wall thicknesses were significantly (p < 0.001) larger in
the athletes than in the control subjects. Also, the ratio of
the left ventricular wall thickness to the internal radius at
end-diastole (p < 0.0 I) and left ventricular mass (p <
0.001) were significantly higher in the cyclists.
Fractional shortening, an index of systolic ventricular
Age (yr)
Height (m)
Weight (kg)
Heart rate (beats/min)
Systolic blood pressure (mm Hg)
Diastolic blood pressure (mm Hg)
Peak oxygen uptake (liters/min)
Peak oxygen uptake (mllmin per kg)
Exercise duration (s)
Gas exchange ratio
Values are expressed as mean ± SO.
Control
Subjects
(n = \6)
22.9 ± 4.4
178 ± 0.06
68.5 ± 8.1
64 ± 13
129 ± 17
81 ± 8
3.43 ± 0.44
50.5 ± 7.2
826 ± 110
1.12 ± 0.06
Cyclists
(n = 16)
22.1 ± 5.1
178 ± 0.06
68.8 ± 6.3
53 ± 10
132 ± 17
77 ± 9
4.94 ± 0.68
71.5 ± 6.4
1118 ± 116
1.07 ± 0.09
p Value
NS
NS
NS
<0.05
NS
NS
<0.001
<0.001
<0.001
NS
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Figure 1. Relation between the fractional shortening of the left
ventricular internal diameter and systolic meridional wall stress.
All data points for athletes are within the 95% confidence limits
for the control subjects indicated by the two lines.
function, and end-systolic left ventricular wall stress were
similar in athletes and control subjects. A plot of these
variables (Fig. I) shows that all of the points obtained in
cyclists fall within 2 SD above or below the mean value for
the regression line generated from the control subjects (y
= 41.0 - 0.145·x; r = -0.62; P = 0.01).
Doppler echocardiography (Table 2B). The peak ve-
locities of the early diastolic left ventricular inflow curve
(pVRF) and of the atrial contraction curve (pVAd, as well
as the ratio pVAC/pVRF , did not differ between athletes and
nonathletes (Fig. 2).
In multiple regression analysis, the ratio pVAC/pVRF was
significantly and independently related to age, systolic blood
pressure (SBP) and heart rate (HR) but not to other variables
such as left ventricular internal diameter, mean wall thick-
ness, left ventricular mass, the ratio of wall thickness to
internal radius, fractional shortening, wall stress and study
group (athlete or nonathlete).
The following equation was obtained:
pVAc!pVRF = -0.55 + 0.012 x age (p < 0.001)
+ 0.0032 x SSP (p < 0.01)
+ 0.0053 x HR (p < 0.001).
The multiple R value of 0.82 indicates that 68% of the
variance of the ratio pVAC/PVRF can be explained by age,
systolic blood pressure and heart rate in the studied popu-
lation.
Discussion
Ventricular hypertrophy. The heart of bicyclists is
characterized by a higher left ventricular internal diameter
than in control subjects and, in addition, by a dispropor-
tionate increase of wall thickness in relation to the internal
radius (2). A mixed eccentric-concentric type of hypertro-
phy may be the result of both volume and pressure overload
Table 2. Data from Imaging Echocardiography and from Left Ventricular Inflow
Doppler Velocimetry
Controls Cyclists p Value
A. Imaging Echocardiography
LVTDd (mm) 67.8 ± 4.1 81.3 ± 5.2 <0.001
LVIDd (mm) 47.9 ± 3.0 55.2 ± 4.4 <0.001
IVSTd (mm) 9.8 ± 1.3 13.3 ± 1.8 <0.001
PWTd (mm) 9.9 ± 1.2 12.8 ± 1.7 <0.001
h/Rd 0.413 ± 0.029 0.475 ± 0.063 <0.01
LVM (g) 169 ± 30 311 ± 60 <0.001
LVIDs (mm) 33.6 ± 3.5 37.9 ± 4.3 <0.01
IVSTs (mm) 13.1 ± 2.2 18.0 ± 2.5 <0.001
PWTs (mm) 15.0 ± 1.6 18.0 ± 1.7 <0.001
FS (%) 30.1 ± 4.5 31.4 ± 5.0 NS
as (mm Hg) 75.6 ± 18.7 65.8 ± 15.4 NS
B. Doppler Velocimetry
pVRF (cmls) 67 ± 12 71 ± 12 NS
pVAC (cmls) 32 ± 5 30 ± 7 NS
pVAclpVRF 0.49 ± 0.11 0.43 ± 0.12 NS
Values are expressed as mean ± SO. d = end-diastolic; FS = fractional shortening of the left ventricular
internal diameter; h/R = ratio of wall thickness to the internal radius of the left ventricle; IVST = interventricular
septal thickness; LVID = left ventricular internal diameter; LVM = left ventricular mass; LVTD = left
ventricular total diameter; pVAC = peak flow velocity during atrial contraction; pVRF = peak flow velocity
during rapid filling; PWT = posterior wall thickness; s = end-systolic; II = meridional wall stress.
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Figure 2. Individual data of the ratio of the peak velocity in the
atrial contraction phase to that in the early rapid filling phase
(pVAC/pVRF) incontrol subjects (open circles) and incyclists (closed
circles) . There isnosignificant difference between thetwo groups .
p = 0.16 and p = 0.99 after adjustment for age, systolic blood
pressure and heart rate,
of the left ventricle (14, IS), in agreement with the high
dynamic and static demands of competitive cycling (10).
From the similar relation between fractional shortening of
the left ventricular internal diameter and end-systolic wall
stress in cyclists and control subjects, it may be.concluded
that these structural adaptations of the heart do not affect
systolic left ventricular function. This confirms the findings
of most studies in athletes (5,16). There are, however, few
data on diastolic function. When left ventricularhypertrophy
develops as a result of volume or pressure overload, or both,
in patients with cardiac disease, it is usually associated with
changes in left ventricular chamber stiffness (17). Such
changes in diastolic function would not be desirable in ath-
letes.
Determinants of mitral flow velocity. The pattern of
blood flow through the mitral valve orifice allows one to
assess the diastolic function of the left ventricle. The ratio
of the peak velocity in the atrial contraction phase to that
in the early rapid filling phase is thought to represent the
relative contribution to left ventricular filling in the two
phases. An increased ratio suggests that left ventricular dis-
tensibility in early diastole is impaired and the contribution
of atrial contraction to ventricular filling compensatorily
augmented. Several independent determinants of the ratio
of peak flow velocity during atrial contraction to peak ve-
locity in the early diastolic rapid filling phase were identified
in our study. Despite the small age range the ratio increased
with advancing age, compatible with the findings of Mi-
yatake et al. (9) in subjects aged 22 to 69 years. These
findings were interpreted as an impairmentof left ventricular
distensibility with aging. In agreement with Dianzumba et
al. (18), we observed a significant correlation between the
ratio of the peak velocities and systolic blood pressure,
although wall thickness itself, or the ratio of wall thickness
to the internal radius was not related to blood pressure.
These findings suggest alterations of the composition of the
left ventricular wall with higher blood pressure, biochemical
cellular changes or effects of humoral or other factors on
the left ventricular wall. A third signifi cant contributor to
the ratio was heart rate, most likely a result of less complete
emptying of the left atrium when it contracts after a shorter
diastolic period rather than an expression of left ventricular
stiffness. These factors must be considered when comparing
athletes with nonathletes.
Mitral flow velocity in athletes. Cyclists and control
subjects were matched for age and anthropometric charac-
teristics;blood pressure was similar in both groups, but heart
rate was lower in the athletes. The tendency for a lower
ratio of the peak flow velocity during atrial contraction to
the peak velocity in the early diastolic rapid filling phase in
the cyclists as compared with control subjects is most likely
due to their slower heart rate. After adjustment for heart
rate. age and systolic blood pressure in multiple regression
analysis, being or not being an athlete was unrelated to the
ratio (p = 0.99). Furthermore, the ratio was notsignificantly
and independently related to the left ventricular internal
diameter. wall thickness. the ratio of wall thickness to the
internal radius. left ventricular myocardial mass or systolic
function. It may. therefore. be concluded that the left ven-
tricular hypertrophy of cyclists, whose left ventricular mass
is on average 84% greater than that in control subjects, is
not associated with a change in ventriculardiastolic function
as estimated from left ventricular inflow Doppler veloci-
metry.
Previous studies. Douglas et al. (19). using the same
technique. did not observe a change in left ventricular com-
pliance in triathletes, who also presentedan elevated relative
wall thickness on the echocardiogram but a lesser increase
in ventricular mass (+ 62%). Other techniques allow one
to study either early or late diastolic phenomena. Using
radionuclide measurements, Granger et al. (20) found that
average left ventricular filling rate during the rapid filling
phase of diastole was similar ill distance runners and control
subjects, whose left ventricular mass differed by 43%. Van-
hees et al. (21) observed that the characteristics of the A
wave on the apexcardiogram, which reflectsthe latediastolic
response of the left ventricle to atrial systole, did not differ
in bicyclists and control subjects. Finally. these findings in
humans do agree with invasive studies in greyhounds, which
concluded that intrinsic myocardial stiffness was not altered
with training (22,23).
Conclusion. The heart of bicyclists is characterized by
a mixed eccentric-concentric type of left ventricular hyper-
trophy. but the considerable increase in left ventricular mass
is not associated with changes in diastolic function. It would
seem that no irreversible myocardial changes are provoked
in these highly trained athletes, whose sports activity is
characterized by high dynamic and static demands.
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